The effect of midazolam on mouse Leydig cell steroidogenesis and apoptosis.
The peripheral-type benzodiazepine receptor (PBR), a putative receptor in Leydig cells, modulates steroidogenesis. Since benzodiazepines are commonly used in regional anesthesia, their peripheral effects need to be defined. Therefore, this study set out to investigate in vitro effects of the benzodiazepine midazolam (MDZ) on Leydig cell steroidogenesis, and the possible underlying mechanisms. The effects of MDZ on steroidogenesis in primary mouse Leydig cells and MA-10 Leydig tumor cells were determined by radioimmunoassay. PBR, P450scc, 3beta-HSD and StAR protein expression induced by MDZ was determined by Western blotting. Inhibitors of the signal transduction pathway and a MDZ antagonist were used to investigate the intracellular cascades activated by MDZ. In both cell types, MDZ-stimulated steroidogenesis in dose- and time-dependent manners, and induced the expression of PBR and StAR proteins, but had no effect on P450scc and 3beta-HSD expressions. Moreover, H89 (PKA inhibitor) and GF109203X (PKC inhibitor) attenuated MDZ-stimulated steroid production. Interestingly, the MDZ antagonist (flumazenil) did not decrease MDZ-induced steroid production in both cell types. These results highly indicated that MDZ-induced steroidogenesis in mouse Leydig cells via PKA and PKC pathways, along with the expression of PBR and StAR proteins. In addition, MDZ at high dosages induced rounding-up, membrane blebbing, and then death in MA-10 cells. In conclusion, midazolam could induce Leydig tumor cell steroidogenesis, and high dose of midazolam could induce apoptosis in Leydig tumor cells.